INTRODUCTION
============

The balance between the production of reactive oxygen species (ROS) and the endogenous antioxidant system could prevent oxidative damage and induction of cell death. ROS accumulation caused by environmental factors, drugs, or pathological factors naturally occurred in cells. ROS, intermediates of oxidative metabolism, and other free radicals are intracellular factors related to pathogenesis of numerous diseases such as cancer, diabetes, neurodegenerative and cardiovascular diseases. It is reported that oxidative stress caused by ROS and reactive nitrogen species plays an important role in hepatic disease induction and progression [@B001],[@B002]. Oxidative stress is responsible for the induction of the non-alcholic steatosis, alcoholic and viral hepatitis and hepatocellular carcinoma. Because the liver is central metabolic organ, metabolic events and blood flow from the gastrointestinal tract make the liver to be susceptible to absorbed drugs and environmental contaminants. These toxicants cause ROS generation and subsequently trigger apoptotic/ necrotic cell death leading to inflammatory and fibrotic liver disorder and liver cancer. Natural antioxidants like vitamins, flavonoids and polyphenolic compounds have been proposed to possess anti-oxidative effect in liver and considered as therapeutic agents to counteract liver damage.

*Panax ginseng* Meyer is a widely used traditional herb in Asian countries having multi-functional activities such as anti-inflammatory, antioxidant, anti-tumor promoting and anti-aging potencies. Recently, the efficacy of ginseng is also regarded as a treatment for cardiovascular disease and diabetic complications [@B003],[@B004]. Kim et al. [@B005] reported a new processed ginseng, named as sun ginseng (SG), which was prepared by steaming at higher temperature. As SG contains different types of ginsenosides including unique less-polar ginsenoside such as Rg3, Rg5 and Rk1, consequently possesses multi-therapeutic efficacy. In certain pathological conditions, SG represents more potent pharmacological effects than red ginseng (RG) or white ginseng (WG) [@B006]. There are a few reports about the beneficial effects of ginseng extract on hepatoprotection or hepatic antioxidative enzyme activities. American ginseng extracts which contain much water-soluble ginsenosides and materials have been reported to inhibit apoptosis through mediation of caspase-9 and Bcl-2 activation [@B007]. Administration of the standardized *P. ginseng* extract G115 increased the antioxidant capacity with a reduction of the effects of exercise-induced oxidative stress in rats [@B008]. Also, it is reported that SG is hepatoprotective in terms of inhibition of cytochrome P450 and reduction of thiobarbituric acid-reactive substance in liver microsome prepared from carbon tetrachloride-treated rats [@B009]. Although various biological activities were reported for SG [@B010]-[@B013], the antioxidative and antiapoptotic effect of SG on HepG2 cell have yet to be evaluated.

HepG2 cells are well-established cell line to study the cytoprotective and anticarcinogenic effect of various natural compounds to liver cells [@B014],[@B015]. As *tert*-butyl hydroperoxide (*t*-BHP), an organic hydroperoxide, induces the release of arachidonic acid from cell membrane phospholipid and subsequent ROS-induced cell damage and the depletion of glutathione (GSH) and nicotinamide adenine dinucleotide phosphate (NADPH) leading to loss of cell viability, *t*-BHP is a hepatotoxic reagent which commonly used to induce the oxidative damages in HepG2 cells [@B016].

In this study, to investigate of the antioxidative and anti-apoptotic effect of SG on *t*-BHP-treated HepG2 cells, cell viability, hepatic enzymes activities and lipid peroxidation were evaluated. Also, the mRNA level of antioxidant enzymes and anti/pro-apoptotic molecules was measured to verify the hepatoprotective effect of SG.

MATERIALS AND METHODS
=====================

Materials
---------

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), *t*-BHP and 1,3,3-tetraethoxypropane (TEP) were purchased from Sigma Aldrich (St. Louis, MO, USA). Lactate dehydrogenase (LDH) assay kit was purchased from BCS Co. (Anyang, Korea). RNAiso Plus, a Primescript 1st strand cDNA synthesis kit, and a SYBR Premix Ex Taq real time polymerase chain reaction (PCR) kit were purchased from Takara Bio Inc. (Otsu, Japan). Extracts of SG, RG, and WG were provided by Ginseng Science Inc. (Seoul, Korea). Ginseng extracts were dissolved in dimethylsulfoxide (DMSO), passed through filter paper, and added to the cells at the indicated concentration.

Cell culture
------------

HepG2 cell (Korean Cell Line Bank, Seoul, Korea) were grown at 37℃ in DMEM medium (WelGENE, Daegu, Korea) supplemented with 10% heat-inactivated fetal bovine serum (Lonza, Walkersville, MD, USA) and 1% antibiotics (Gibco BRL Life Technology, Grand Island, NY, USA) in a 5% CO~2~-air atmosphere.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
------------------------------------------------------------------

To measure the extent of cell damage caused by *t*-BHP, cellular viability was determined by MTT assay. HepG2 cells at 5×10^4^ cells were plated into 96 well-plates and incubated for 24 h. Following incubation, cells were pre-incubated with extracts for 1 h and co-incubated with 2.5 mM of *t*-BHP to induce the cell death for 3 h. And then medium was discarded and 0.5 mg/mL of MTT solution was added to each well. 3 h later, the formazan crystal formed in cells was dissolved by adding DMSO and the absorbance was measured at 570 nm by a microplate reader (Tecan, Grodig, Austria).

Lactate dehydrogenase leakage assay
-----------------------------------

To assess the effects of SG on *t*-BHP-induced oxidative stress in HepG2 cells, cell viability was measured by a LDH leakage assay using an assay kit according to the manufacturer's instructions. Cells were treated and incubated as described above. The culture media were used as an indicator of the plasma membrane integrity of cells. The enzyme activity was measured at 30℃ and cell viability is represented as a value of LDH activity expressed in Wroblewski units.

Aspartate aminotrasferase and alanine aminotransferase activity assay
---------------------------------------------------------------------

To evaluate the protective effects of SG on *t*-BHP-induced oxidative stress in HepG2 cells, aspartate aminotrasferase (AST) and alanine aminotransferase (ALT) activities were measured by using an assay kit according to the manufacturer's instructions. Cells were treated and incubated as described above. The culture media were used as an indicator of the normal function of liver. The enzyme activity was expressed in Karmen unit/mL using calibration curve by plotting the corresponding absorbance of lithium pyruvate.

Lipid peroxidation
------------------

In order to estimate the lipid peroxidation, thiobarbituric acid reactive substance (TBARS) assay was performed. HepG2 cells at 5×10^4^ cells were plated into 96 well-plates and incubated for 18 h. Following incubation, medium was discarded and serum free fresh medium containing with 5, 10 and 20 μg/mL of SG was treated for 1 h and then 2.5 mM of *t*-BHP was added to induce oxidative stress. 3 h later, culture medium was precipitated with 50% trichloroacetic acid and centrifuged at 1,500 rpm for 10 min. After centrifuge, the supernatant was mixed with 0.67% thiobarbituric acid and boiled for 10 min. After cooling, the absorbance was measured at 535 nm by a microplate reader. The lipid peroxidation levels were showed by malondialdehyde (MDA) concentration made by the hydrolysis of TEP.

RNA extraction and quantitative real time polymerase chain reaction
-------------------------------------------------------------------

Total RNA was isolated by using RNAiso PLUS reagent (Takara Bio Inc.) according to the manufacturer's instructions. RNA concentrations and purity were determined using NanoDrop (NanoDrop Technologies Inc., Rockland, DE, USA). Total RNA was synthesized to first strand cDNA using a PrimeScript 1st strand cDNA synthsis kit. The cDNA was amplified to estimate the gene expression level by quantitative real time PCR. PCR reactions were performed using a SYBR premix Ex Taq kit and conducted using a Takara Dice Real Time System. All mRNA levels were normalized using the β-actin mRNA level as an internal control. The primers used in amplification are shown in [Table 1](#T001){ref-type="table"}.

###### 

Oligonucleotide primer sequences used in quantitative real time polymerase chain reaction

  ------------------------ -------------------------- -------------------------
  Gene name                Forward primer             Reverse primer
                                                      
  Superoxide dismutase     AGGCCGTGTGCGTGCTGAAG       CACCTTTGCCCAAGTCATCTGC
  Catalase                 CCTTTCTGTTGAAGATGCGGCG     GGCGGTGAGTGTCAGGATAG
  Glutathione peroxidase   GTGTATGCCTTCTCGGCGCG       CGTTGCGACACACCGGAGAC
  Glutathione reductase    CAGTGGGACTCACGGAAGAT       TTCACTGCAACAGCAAAACC
  Bcl-2                    GATTGATGGGATCGTTGCCTTA     CCTTGGCATGAGATGCAGGA
  Bcl-xL                   CTTTGCCTAAGGCGGATTTGAA     AATAGGGATGGGCTCAACCAGTC
  Bad                      TGAGTGACGAGTTTGTGGACTCCT   CTGGAGCTTTGCCGCATCT
  Bax                      GCGAGTGTCTCAAGCGCATC       CCAGTTGAAGTTGCCGTCAGAA
  β-actin                  TCACCCACACTGTGCCCAT        TCCTTAATGTCACGCACGATTT
  ------------------------ -------------------------- -------------------------

Statistical analysis
--------------------

Data were represented as the mean±SD and the significance of the results was assessed by Student's *t*-test (performed by the Sigmaplot computerized program). All experiments were conducted at least three times.

RESULTS AND DISCUSSION
======================

Sun ginseng protected HepG2 cells against tertbutyl hydroperoxide-induced oxidative damage
------------------------------------------------------------------------------------------

To determine the effect of SG on *t*-BHP-induced oxidative stress, cell viability was measured by MTT assay. It has been reported that methanol extract of SG shows liver-protective effect on lipopolysaccharide-induced liver injury in rats by up-regulating hepatic inducible nitric oxide synthase and heme oxygenase 1 (HO-1) protein through NF-κB deactivation [@B017]. Lee et al. [@B018] reported that the 20(S)-ginsenoside Rg3 and its metabolite, Rh2 isolated from *P. ginseng* have hepatoprotective effect by increasing cell viability in *t*-BHP treated HepG2 cells and *t*-BHP-induced liver injury of mice. In present studies, incubation with 2.5 mM of *t*-BHP for 3 h induced about 50% cell death in HepG2 cells ([Fig. 1](#F001){ref-type="fig"}A). Cell viability was recovered with increasing dosage of SG (5, 10 and 20 μg/mL) by 10, 10.7, 18.3 and 25 % respectively as compared with *t*-BHP-treated control ([Fig. 1](#F001){ref-type="fig"}A). When HepG2 cells were incubated in the absence of *t*-BHP, SG slightly increased cell viability, although not significantly. To compare the effect of SG with that of RG and WG, cells were pre-treated with SG, RG and WG extract for 1 h, respectively. The same dosage of RG and WG did not show significant change in cell viability of HepG2 cells as compared with *t*-BHP-treated cells ([Fig. 1](#F001){ref-type="fig"}B).

![Protective effects of sun ginseng (SG) against tert-butyl hydroperoxide (t-BHP)-induced-oxidative stress in HepG2 cells. Cells were pretreated with the indicated concentration of SG, red ginseng (RG) or white ginseng (WG) (5, 10, and 20 μg/mL) and then exposed to 2.5 mM of *t*-BHP for 3 h. After incubation, 3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide assay (A,B) and lactate dehydrogenase (LDH) leakage assay (C) were performed to determine the cell viability. Cell viability was expressed as a percentage of the negative control (NC) in HepG2 cells (A,B) and a value of LDH activity expressed in Wroblewski units (WU) (C). Data represent the mean±SD of triplicate experiments. Differences were considered significant at ^\#\#^*p*\<0.01 vs. t-BHP-untreated cells (NC) and ^\*^*p*\<0.05 and ^\*\*^*p*\<0.01 vs. t-BHP-treated cells.](grosbr-36-248-g001){#F001}

To confirm the potential hepatoprotective effect of SG against the *t*-BHP-induced toxicity, the cell viability was measured by LDH leakage assay ([Fig. 1](#F001){ref-type="fig"}C). Consistent with MTT assay, increase in LDH release caused by *t*- BHP exposure was significantly reduced in HepG2 cells treated with SG up to 55.6% as compared to *t*-BHP-treated cells. These results suggest that SG can be a more potent antioxidative or hepatoprotective reagent than RG and WG.

Sun ginseng reduced AST and ALT activities in tert-butyl hydroperoxide-damaged HepG2 cells
------------------------------------------------------------------------------------------

In addition, the activity of two hepatic enzyme markers, serum AST and ALT, was determined using commercially available assay kits. Although the assessment of serum AST, ALT and alkaline phosphatase levels is commonly used as part of a diagnostic liver function test, AST and ALT have a broader clinical utility since it may also be elevated in diseases affecting other organs, such as the heart or muscles in myocardial infarction, in acute pancreatitis, acute hemolytic anemia, severe burns, acute renal disease, musculoskeletal diseases and trauma. As the elevation of AST and ALT activities caused by *t*-BHP treatment implies induction of hepatic damage in organs including liver, any compound decreasing these enzyme activities has hepatoprotective effect [@B018]. Jeong et al. [@B019] reported that administration of the standardized saponins of RG partially recovered the elevating serum AST and ALT activities induced by carbon tetrachloride in rat.

![Effect of sun ginseng (SG) on aspartate aminotrasferase (AST) and alanine aminotransferase (ALT) activities against *tert*-butyl hydroperoxide (*t*-BHP)-induced-oxidative stress in HepG2 cells. Cells were pre-treated with the indicated concentration of SG (5, 10, and 20 μg/mL) and then exposed to 2.5 mM of *t*-BHP for 3 h as mentioned. After incubation, AST (A) and ALT (B) activities were measured by using an assay kit according to the manufacturer's instructions. The enzyme activity was expressed in Karmen unit/mL. Data represent the mean±SD of triplicate experiments. Differences were considered significant at ^\#\#^*p*\<0.01 vs. negative control and ^\*^*p*\<0.05 and ^\*\*^*p*\<0.01 vs. *t*-BHP-treated cells.](grosbr-36-248-g002){#F002}

As shown in [Fig. 2](#F002){ref-type="fig"}, *t*-BHP treatment dramatically increased AST and ALT activities in HepG2 cells. The SG pretreatment (5, 10, and 20 μg/mL) significantly inhibited AST activities (by 47, 63.6, and 77.2%, respectively) in a dose-dependent manner as compared to *t*- BHP-treated HepG2 cells ([Fig. 2](#F002){ref-type="fig"}A). The similar results were obtained in ALT activity assay ([Fig. 2](#F002){ref-type="fig"}B). Increasing concentration of SG pretreatment down-regulated ALT activity up to 54.2%, as compared to *t*-BHP-treated HepG2 cells. These data indicated that SG is a beneficial hepatoprotective reagent by ROS scavenging activity.

Sun ginseng decreased tert-butyl hydroperoxideinduced lipid peroxidation in HepG2 cells
---------------------------------------------------------------------------------------

ROS generation caused by *t*-BHP treatment leads to the oxidation of unsaturated fatty acid in lipids and subsequently produces intracellular ROS more [@B020]. The mobility rate of cell death and promotion of cancer will increase along with ROS-mediated damage to GSH, proteins, DNA and lipids. To determine whether SG affects *t*-BHP-induced lipid peroxidation level, final lipid peroxidation product known as MDA concentration was measured by TBARS assay. Treatment with 2.5 mM of *t*-BHP for 3 h showed 50% decrease of cell viability and highly increase of MDA levels indicating the treatment of *t*-BHP caused oxidative damage in HepG2 cell. However, pre-incubation with 5, 10 and 20 μg/mL of SG significantly decreased the cellular MDA level by 3.14, 22.3 and 57.6% respectively, as compared to *t*-BHP-treated control as shown in [Fig. 3](#F003){ref-type="fig"}. It reported that the prevention of lipid peroxidation by various phenolic compounds is significantly associated with protective potential against *t*-BHP-toxicity in HepG2 [@B015],[@B021].

![Effect of sun ginseng (SG) on lipid peroxiation against *tert*butyl hydroperoxide (t-BHP)-induced-oxidative stress in HepG2 cells. Cells were pre-treated with the indicated concentration of SG (5, 10, and 20 μg/mL) and then exposed to 2.5 mM of *t*-BHP for 3 h as mentioned. After incubation, culture medium was precipitated with 50% trichloroacetic acid and thiobarbituric acid reactive substance (TBARS) assay was performed. The lipid peroxidation levels were showed by malondialdehyde concentration made by the hydrolysis of 1,3,3-tetraethoxypropane. Data represent the mean±SD of triplicate experiments. Differences were considered significant at ^\#\#^*p*\<0.01 vs. negative control and ^\*^*p*\<0.05 and ^\*\*^*p*\<0.01 vs. *t*-BHP-treated cells.](grosbr-36-248-g003){#F003}

Although it is possible that other intracellular factors mediate protection pathway against *t*-BHP-induced oxidative damage in HepG2 cells [@B022],[@B023], it is most likely that inhibition of lipid peroxidation plays role in antioxidative mechanism.

Sun ginseng up-regulated gene expression of antioxidant enzymes
---------------------------------------------------------------

Natural compounds having antioxidant activity contribute to induce the activity of intracellular antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR) [@B024],[@B025]. The increase in these enzyme activities is considered to adaptive response to oxidative stress in cells. It was well known that incubation of HepG2 cells with *t*-BHP increased antioxidant enzyme activities [@B026].

In spite of many reports represented increment of antioxidant enzymes activities caused by *t*-BHP treatment, there are a few studies showing the change of gene expression of these enzymes. Our study demonstrated that SG dose-dependently increased the gene expression of SOD and CAT by real-time PCR analysis. SOD and CAT are important component of the cellular defense against oxidative stress by scavenging superoxide anion and hydrogen peroxide resulting in removal of ROS [@B026]. At a dose of 20 μg/mL, SG up-regulated mRNA level of SOD and CAT by 12.4 and 9.4-fold as compared to untreated cells (negative control, NC) ([Fig. 4](#F004){ref-type="fig"}).

![Effect of sun ginseng (SG) on gene expression of antioxidant enzymes in HepG2 cells. To analyze the effects of SG on superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase (GR) gene expression by a real time polymerase chain reaction analysis, cells were incubated with the indicated concentration of SG (5, 10, and 20 μg/mL) for 24 h. Data represent the mean±SD of triplicate experiments. Differences were considered significant at ^\*^*p*\<0.05 and ^\*\*^*p*\<0.01 vs. negative control (NC).](grosbr-36-248-g004){#F004}

The effect of 5 and 10 μg/mL of SG treatment on the change in mRNA level of GPx correlated to its antioxidant effect showing increment by 4-fold as compared to NC. Interestingly, it was found that 20 μg/mL of SG down-regulated mRNA level of GPx by 0.37-fold as compared to 10 μg/mL of SG. CAT plays role in the detoxification of hydrogen peroxide by co-oxidizing glutathione which is catalyzed by GPx action. It is possible that the increase in mRNA level of CAT implies decrease in intracellular GSH content resulting in enhancement of oxidative stress and induction of hepatic damage. Because GSH acts as intracellular antioxidant, reduction of the gene expression of GPx may contribute to become cells less vulnerable to oxidative stress. Consistent with our data, Lee et al. [@B027] investigated that high dose of ginseng extract significantly reduced the GPx activity for maintaining intracellular GSH concentration in hydrogen peroxide-damaged HepG2 cells. On the other hand, mRNA level of GR slightly increased in this study. A glutathione disulfide can be reduced to the sulfhydryl form GSH by GR, using NADPH as an electron donor. The ratio of reduced GSH to oxidized glutathione within cells is regarded as an indicator of cellular toxicity. According to our results, an antioxidant effect of SG may be attributed to its potency of regulating the gene expression of antioxidant enzymes.

Sun ginseng affected gene expression of molecules related to apoptosis
----------------------------------------------------------------------

Treatment of ^t^-BHP induces cell death resulting from oxidative DNA damage and/or disruption of mitochondrial membrane potential in different cell lines [@B028],[@B029]. If not removed by antioxidant enzymes such as SOD, CAT, GPx, GR and HO-1 and/or non-enzymatic substances such as GSH and vitamins, an excessive ROS generated by *t*-BHP is, therefore, able to induce the spontaneous and death receptor-mediated apoptosis.

As mentioned in other studies, protective effect of ginseng has been observed by controlling the mRNA and/ or protein level of molecules related to apoptosis. RG extract decreased the expression of pro-apoptotic protein, caspase-3 and increased that of anti-apoptotic protein, bcl-2 to protect the human neuroblastoma, SK-N-SH cells against hydrogen peroxide-induced oxidative stress [@B030]. Also, water extract of American ginseng root has been investigated to prevent apoptosis by increasing the protein level of bcl-2 and decreasing that of caspase-9 in β cells cultured with interleukin-1β [@B007].

![Effect of sun ginseng (SG) on gene expression of anti- and pro-apoptotic molecules in HepG2 cells. To analyze the effects of SG on bcl-2, bcl-xL, bad, and bax gene expression by a real time polymerase chain reaction analysis, cells were incubated with the indicated concentration of SG (5, 10, and 20 μg/mL) for 24 h. Data represent the mean±SD of triplicate experiments. Differences were considered significant at ^\*^*p*\<0.05 and ^\*\*^*p*\<0.01 vs. negative control (NC).](grosbr-36-248-g005){#F005}

In this study, the mRNA levels of pro- and antiapoptotic proteins belong to bcl-2 family were measured by real-time PCR analysis ([Fig. 5](#F005){ref-type="fig"}). As the bcl-2 and bcl-xL are anti-apoptotic molecules inhibiting cytochrome c release from mitochondria membrane, an increase in mRNA level of them serves as a marker of cells enduring apoptosis. In this study, SG dose-dependently increased bcl-2 mRNA up to 1.7-fold in HepG2 cells as compared to NC. We further tested whether the mRNA level of bcl-xL, another bcl-2 family member, was also changed by SG treatment. SG (5, 10, and 20 μg/mL) significantly increased bcl-xL expression by 1.5-, 1.7- and 1.9-fold, respectively, as compared to NC. In addition, the mRNA level of pro-apoptotic proteins, bad and bax, was evaluated in the presence of SG. 5, 10, and 20 μg/mL of SG treatment had no significant change in mRNA level of bad as compared to NC. But, the slight decrease in mRNA level of bax was determined by 10 and 20 μg/ mL of SG treatment. Our results suggested that indicated concentration of SG was endowed with cytoprotective effect by inducing gene expression of bcl-2 and -xL and reducing that of bax in HepG2 cells.

In summary, our data demonstrated that SG has hepatoprotective effect by showing reduction of LDH release, activities of hepatic enzymes and lipid peroxidation against oxidative stress caused by *t*-BHP in HepG2 cells. The gene expression of antioxidant enzymes appeared to be increased with SG treatment, even when a higher dose of SG decreased mRNA level of GPx. The reduction in mRNA level of GPx is thought to be responsible for maintaining cellular GSH content. It was presumed that SG regulates the mRNA level of intracellular antioxidant enzymes to defense oxidative stress in HepG2 cells. In addition, the SG treatment increased the mRNA level of anti-apoptotic molecules, bcl-2 and bcl-xL. It correlated inversely with decrease in mRNA level of apoptotic molecule, bax, without affecting bad expression.
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